Introduction
Organic carbamates have shown versatile potentials in medicinal, agricultural chemicals, and coating applications. 1 Conventional methods for the synthesis of carbamates are mainly based on the use of toxic phosgene and isocyanates. 2 Thus, considerable interest has been generated in the development of safe and efficient approaches to the preparation of carbamates. Recently, a variety of phosgene-and isocyanate-free methods have been developed.
3
Among them, the base-promoted three-component coupling reaction of CO 2 , amines, and N-tosylhydrazones to form carbamates under transition-metal-free conditions, described by Jiang et al. 4 is notable. The reaction provides a wide range of organic carbamates from readily available substrates with excellent functional group tolerance, a wide substrate scope, and a facile work-up procedure.
However, the reaction is not practical due to the high pressure of carbon dioxide (4 MPa) and the rather harsh conditions (0.5 mmol N-tosylhydrazone, 5 mmol amine, 1.5 mmol K 2 CO 3 , 4 MPa CO 2 , 3 mL MeCN/H 2 O (15:1 v/v), 120 o C, 24 h). Therefore, the development of a milder method for the synthesis of organic carbamates remains a challenging goal.
Results and Discussion
While studying the use of a polymeric catalyst for organic 4 reactions, 5 the three-component coupling reaction reported by Jiang et al. 4 attracted our attention. Thus, we explored the reaction in the presence of our polymeric catalyst to identify mild reaction conditions. We speculated that the use of polymeric catalyst, poly(NHC)s, could lead to the formation of carbamates under an atmospheric pressure of CO 2 atmosphere. We were confident that judicious choice of reaction conditions would lead to a favorable outcome. Thus, we studied the reaction in the presence of poly(NHC)s to find mild reaction conditions. During this endeavor, it was discovered that the reaction proceeds without any extra base or catalyst under an atmospheric pressure of carbon dioxide at 80°C in reasonably high yields comparable to those obtained using the original conditions reported by Jiang et al. 4 
Scheme 1. Initial observation
The reaction of N-tosylhydrazone 1a with pyrrolidine (2a) in the presence of poly(NHC)/ZnBr 2 /DBU under 1 atm of carbon dioxide in DMF at 80°C for 18 h was investigated as a model reaction for the synthesis of carbamates (Scheme 1). To our delight, carbamate 5 (3aa) was isolated in 57% under 1 atm of CO 2 supplied by a balloon, without any specialized gas manipulation. Encouraged by this observation, the reaction parameters were screened to maximize the yield of 3aa. Selected data related to the screening of reaction solvents are shown in Table 1 . Interestingly, the reaction proceeded in the presence of ZnBr 2 only and without any additives. However, the yield was highly sensitive to the reaction solvent. In 1,4-dioxane, toluene, or THF, the yield was ca. 60% but just 26% in dichloroethane. In addition, when the reaction was performed neat without any solvent, the yield remained high (62%). When the reaction was conducted in a mixture solvent of acetonitrile and water (3 mL: 0.2 mL) as Jiang et al. used, 4 the yield was 63%. The best result was observed when the reaction was performed in nitromethane (75%). Shortening the reaction time to 6
h, 3 h, and 2 h provided yields of 71%, 70%, and 67%, respectively.
On the contrary, the yield was dependent upon the order of addition of the reactants, with a higher yield obtained when the reactants 13  ---80  2  61   14  ---80  1  51   15  ---90  2  60   16  ---100  2  55   17  --CH 3 NO 2  80  18 Using the optimized reaction conditions, the substrate scope of the N-tosylhydrazones was then examined by varying the hydrazone moiety (Table 2 ). For most of the substrates, the reaction was 18 h; the substrates derived from 1-(4-nitrophenyl)ethan-1-one (1g), 4-acetylbenzonitrile (1h), and 1-(pyridin-4-yl)ethan-1-one (1r), the reaction time was shortened to 3 h because these compounds decomposed under the reaction conditions. As expected, various functional groups on the aryl ring of the N-tosylhydrazone were tolerated. When the functional group at the 4-position on the aryl group of N-tosylhydrazones derived from acetophenone was screened, all the substrates except a nitro-or nitrile substituent 9 were found to be good substrates, giving high yields (3aa, 3da -3la:
58 − 75%). N-tosylhydrazones derived from benzaldehyde were also found good substrates (3ma -3pa: 66 − 71%) and the best yield was observed with a methyl substituent (3pa, 71%). A steric effect was observed for substrates derived from acetophenone bearing 2-bromo and 3-bromoaryl substituents (3ca vs 3ba: 60% vs 70%).
However no steric effect was observed for similar substrates bearing 1-naphthyl and 2-naphthyl groups (3ta vs 3sa: 76% vs 75%). N-tosylhydrazones derived from 3,4-dihydronaphthalen-
and benzophenone (1w) were good substrates, giving an approximate 69-73% yield of the desired products (3ua -3wa).
Substrates containing heteroarene groups, such as thiophene (1q) and pyridine (1r), gave carbamates in reasonable yields (3qa, 65%; 3ra, 52%). Importantly, the results obtained under the new reaction conditions were comparable to those obtained using Jiang's reaction conditions in most cases. However, substrates derived from 1-(4-nitrophenyl)ethan-1-one (1g), 4-acetylbenzonitrile (1h), and 1-(4-(trifluoromethyl)phenyl)ethan-1-onewere (1i) were poor substrates and afforded lower yields (3ga, 38% vs 76%; 3ha, 44% vs 84%; 3ia, 58% vs 80%). According to the Jiang's report, 4 Ntosylhydrazones derived from aliphatic ketones or aldehydes failed to yield even a trace of the desired products. Under our reaction conditions, no reaction was observed with an aliphatic Ntosylhydrazone derived from 2-butanone. b Reaction time: 3 h.
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The substrate scope of amines was also investigated (Table 3) .
The reactions proceeded smoothly with secondary and primary amines. For example, reactions using piperidine (2b) and cyclopentylamine (2g) were completed within 3 h, affording the desired products in moderate to good yields under the present reaction conditions; the longer reaction times had no influence on the yields. In contrast, dipropylamine (2d) and dibutylamine (2e) afforded rather poor yields of the desired carbamates (3ad, 29%; 3ae, 28%); these isolated yields were lower than those obtained under Jiang's reaction conditions (3ad, 29% vs 55%; 3ae, 28% vs 53%). However, N-benzylmethylamine (2f) and n-butylamine (2h) gave higher yields (3af, 56% vs 39%; 3ah, 67% vs 48%) than those obtained using Jiang's reaction conditions. Piperidine (2b), which has a structure similar to that of pyrrolidine (2a), was a good substrate, yielding 67% of the expected product (3ab). When the yield was not high, a considerable amount of adduct from the reaction of hydrazone with amine was obtained as a byproduct.
Although little mechanistic information has been obtained right now, the above results suggest that the formation of carbocation via the aid of carbonic acid from the reaction of water and carbon dioxide may not occur under our reaction conditions. 4, 6 Scheme 2. Gram-scale test
Finally, it is worth noting that the reaction may be scaled up (Scheme 2). When 1.84 g of 1a (5 mmol) was reacted with 2a (50 mmol), 1.07 g (72% yield) of 3aa was isolated. Therefore, scale-up of the procedure did not result in a reduction in the yield.
Conclusion
In conclusion, we have demonstrated a method for the synthesis of carbamates from readily available N-tosylhydrazones, amines, and carbon dioxide in moderate to high yields under mild reaction conditions. Compared to the original reaction conditions reported by Jiang et al. 4 (3 equiv. K 2 CO 3 , 4 MPa CO 2 , 120°C, and 24 h), the much milder reaction conditions of the present modified method (1 atm CO 2 , 80°C, and 18 h) provide the desired carbamates without any considerable loss in yield for most substrates. This reaction is applicable to a gram-scale reaction.
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Experimental Section
General information
All solvents were obtained by passing through activated alumina columns of solvent purification systems from Glass Contour. nHexane and ethyl acetate were used without further purification.
Reagents were purchased from Sigma-Aldrich, Alfa Aesar, Acros, and TCI and were used as received. CO 2 (purity >99.999) was used.
Reactions were carried out in a flame-dried glassware equipped 3, 142.6, 128.3, 127.4, 125.7, 72.4, 46.0, 45.6, 25.6, 24.8, 22 5, 139.8, 137.1, 129.1, 125.9, 72.4, 46.1, 45.7, 25.7, 25.0, 22.9 
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C NMR (100 MHz, CDCl 3 ) δ 154. 4, 137.3, 136.7, 129.6, 93.3, 65.7, 46.1, 45.7, 25.6, 24.8 133.9, 128.8, 127.7, 66.2, 45.9, 45.5, 25.4, 24.7, 20.9 9, 151.5, 149.8, 120.5, 70.9, 46.1, 45.7, 25.6, 24.8, 22.5 4, 140.0, 133.1, 132.8, 128.1, 127.9, 127.5, 126.0, 125.8, 124.6, 124.1, 72.6, 46.0, 45.7, 25.6, 24.8, 22.8 4, 138.4, 133.8, 130.2, 128.7, 128.1, 126.0, 125.5, 125.3, 123.5, 123.1, 70.1, 46.1, 45.8, 25.6, 24.9, 22.5 8, 137.5, 135.5, 129.2, 128.7, 127.5, 125.7, 70.2, 46.0, 45.6, 29.5, 28.9, 25.5, 24.8, 18.9 3, 147.6, 146.8, 136.7, 119.4, 108.0, 106.5, 100.9, 72.3, 46.0, 45.7, 25.7, 24.9, 22.9 7, 141.9, 131.6, 127.6, 121.4, 72.3, 44.9, 25.7, 24.4, 22 5, 141.8, 131.5, 127.7, 121.3, 72.2, 47.3, 46.6, 30.9, 30.3, 22.7, 20.1, 13.9 6, 141.5, 137.5, 131.6, 128.6, 127.7, 127.4, 127.2, 121.5, 72.8, 52.5, 52.4, 34.6, 33.6, 22 4, 131.5, 127.7, 121.5, 71.8, 40.7, 32.0, 22.4, 19.9, 13.7 4, 131.5, 127.7, 121.4, 71.8, 48.4, 28.7, 22.3, 19.9 141.3, 138.4, 131.6, 128.7, 127.8, 127.5, 121.6, 72.3, 45.1, 22.4 ppm 
